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INTRODUCTION
52
Leptospires are a group of spirochetes that include both saprophytic and pathogenic 53 species within the genus Leptospira (1) . Pathogenic species including L. interrogans, are the 54 causative agents of leptospirosis, the most widespread zoonotic infectious disease in the 55 world. Saprophytic species including L. biflexa, are found primarily in aquatic and terrestrial 56 environments and are considered non-pathogenic. Pathogenic leptospires also can survive in 57 the terrestrial environment for a prolonged period, and humans are typically infected by direct 58 or indirect contact with soil or water that is contaminated with the urine of infected animals.
59
L. interrogans must adapt to both aquatic and mammalian host conditions in order to 60 be successfully maintained in its zoonotic cycle. Some progress has been made on how L. transporter (9)., The LexA repressor bound to the promoter of recA is involved in DNA repair 72 (10). HemR regulates the heme biosynthetic pathway (11, 12) . Despite these advances, the 73 regulatory pathways underlying environmental sensing and host adaptation of L. interrogans 74 remain poorly understood, largely due to the lack of a robust system for genetic manipulation 75 of Leptospira.
76
One common mechanism of regulating bacterial gene expression is the use of an Man250 and E. coli strain SM10 carrying pAL614-ebpA as previously described (25).
137
Sequence analysis was performed as previously described (25) was expressed by induction with 0.5 mM IPTG (Sigma), and the fusion protein with GST
198
was extracted from the cell lysates after ultrasonication using Bio-Scale Mini Profinity GST 
204
Electrophoretic mobility shift assay (EMSA). Primers used in EMSA are listed in Table 1 .
205
Synthesized or PCR-amplified DNA probes were end-labeled with biotin using biotin-labeled ebpA expression (Fig. 2) .
291
Deletion of ebpA affects cell morphology in L. interrogans. to wild type (5-10 fold change) (Fig. 4B) . The complemented strain epbA -/+ restored 312 expression of amtB, LMANv2_200027, and LMANv2_290065) (Fig. 4B) LMANv2_290065 in a dose-dependent manner (Fig. 5A) . The bindings were specific, since 324 unlabeled DNA fragments could compete for binding and no binding was observed when region did not show binding (Fig. 5B) . These data provide biochemical evidence that amtB, (Fig. 7B) .
358
To investigate the survival abilities of the ebpA1 mutant in stress conditions, wild type, 359 ebpA1 -, and epbA1 -/+ strains were cultivated in either 1:10 diluted EMJH or in spring water.
360
The ebpA mutant had a lag phase at the initial stage in nutrient-limited media (Fig. 7C) .
361
Wild-type L. interrogans can survive in spring water for weeks, and the spirochetal numbers 362 remained high till week 5, and the numbers began to drop at week 6 (Fig. 7D) . At weeks 6, 363 wild-type spirochetes remained alive and cultivable (data not shown). In contrast, the 364 numbers of the ebpA mutant began dropped significantly at less than week 1 (Fig. 7D) . At 365 week 4, althrough some mutant spirochetes remained (Fig. 7D) that amtB and glnK were down-regulated when exposed to serum (5). This may explain why 437 ebpA and amtB are dispensable for virulence during infection.
438
We found that the ebpA mutant has shortened cell length. This may be due to a variety of 439 global response changes within the bacterium upon disruption of the epbA-rpoN pathway. 
449
We observed that the complemented strain produces higher levels of ebpA transcript 450 levels than the wild type (Fig. 2.) , as well as for those EbpA-controlled genes (Fig. 4) . One 
455
In summary, we demonstrate that the presence of the EbpA-RpoN regulatory pathway and the ebpA mutants with a P < 0.001 using the Student t test. 
